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ABSTRACT

For decades, self-monitoring of blood glucose
(SMBG) has been considered a cornerstone of
adequate diabetes management. Structured
SMBG can follow different monitoring patterns,
and it results in improved glycemic control,
reduced hypoglycemia, and a better quality of
life of people with diabetes. The technology,
usability, and accuracy of SMBG systems have
advanced markedly since their introduction a
few decades ago. Current SMBG systems are
small and easy to use, require small (capillary)

blood sample volumes, and provide measure-
ment results within seconds. In addition, devi-
ces are increasingly equipped with features such
as connectivity to other devices and/or digital
diaries and diabetes management tools.
Although measurement quality can come close
to or equal that of the glucose monitoring sys-
tems used by healthcare professionals, several
available SMBG systems still do not meet
internationally accepted accuracy standards,
such as the International Organization for
Standardization 15197 standard. Reports from
China, India, and Brazil based on local experi-
ence suggest that in addition of the accuracy
issues of SMBG systems, other obstacles also
need to be overcome to optimize SMBG usage.Supplementary Information The online version

contains supplementary material available at https://
doi.org/10.1007/s13300-022-01254-8.
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Nonetheless, adequate usage of SMBG data is of
high relevance for the management of people
with type 2 diabetes mellitus.

Keywords: Self-monitoring of blood glucose;
Type 2 diabetes mellitus; Blood glucose
monitoring systems; Accuracy; Diabetes
management

Key Summary Points

Self-monitoring of blood glucose (SMBG)
can be a beneficial component of type 2
diabetes therapy.

SMBG systems have become more accurate
over time and now provide a variety of
useful features, such as digital diaries or
connectivity.

Reports from China, India, and Brazil
based on local experience indicate that
access to adequate SMBG is often an issue.

On the way to achieving optimal diabetes
therapy, out-of-pocket costs for the end-
user have to be reduced, and self-
management education and
empowerment have to be improved.

CURRENT SITUATION
AND OUTLOOK

More than half a billion adults (age[20 years)
and a further 1.2 million children and adoles-
cents (age\ 20 years) worldwide currently have
type 1 diabetes mellitus (T1DM) or type 2 DM
(T2DM) [1]. In 2021, 6.7 million people died
either as a direct result of diabetes or due to
diabetes complications associated with prevail-
ing high blood glucose (BG) levels, including
cardiovascular disease, chronic kidney disease,
or tuberculosis [1].

Self-monitoring of blood glucose (SMBG) was
established a few decades ago as a prerequisite
for optimizing anti-diabetic therapy of people

with diabetes (PwD) [2], especially for those
who are dependent on insulin therapy (T1DM
and T2DM) [3] or those using non-insulin glu-
cose-lowering drugs that can induce hypo-
glycemia. The benefits of structured SMBG in
terms of improved glycemic control and quality
of life for people with T2DM have been shown
repeatedly [4, 5]. However, there are also studies
with conflicting data, leading to contrary con-
clusions, that have shown no or only a short-
term benefit (B 6 months) of structured BG
measurements for people with diabetes not on
insulin therapy [6–8]. While these latter studies
raised doubts about the effectiveness of struc-
tured SMBG, it is important to note that in
these studies, the BG values were not used for
treatment decisions, and the benefit in non-in-
sulin-dependent people with T2DM was linked
to treatment adherence. To optimally benefit
from structured SMBG, the obtained BG values
therefore have to be actively used by PwD or
healthcare professionals (HCPs) for therapeutic
decisions or therapy adjustments, such as
changes in eating behavior, lifestyle and/or
anti-diabetic therapy [9].

Structured SMBG may be a beneficial strategy
if, for example, fasting or postprandial BG val-
ues are above a clinically defined glucose target
and insulin titration steps are necessary, for
which SMBG results are needed. Furthermore,
the optimal point in time for the administration
of non-insulin glucose-lowering agents, such as
metformin or sodium-glucose cotransporter 2
inhibitors (SGLT2 inhibitors), as well as their
resulting BG-lowering effect, has to be verified
and, if necessary, adjusted by determining BG
values. For non-insulin drugs that can induce
hypoglycemia as a side effect, such as sulfony-
lureas, SMBG can be used to detect such gly-
cemic excursions. Structured SMBG is necessary
to allow for immediate treatment decisions
while the use of glycated hemoglobin (HbA1c)
as an estimator of long-term quality of glycemic
control is insufficient in that regard [8]. The
measurement pattern (frequency and timing of
BG measurements) can be adapted based on the
individual needs of PwD [10] (Table 1). For
example, by measuring BG values before and
after meals (pre- and postprandial measure-
ments) and before and after exercise,
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respectively, PwD can get their individual
‘‘biofeedback’’ (Fig. 1a).

In recent years, the interest and focus of
industry and academia were very much directed
towards continuous glucose monitoring (CGM),
i.e., glucose measurements in the interstitial
fluid of the subcutaneous tissue [11]. Due to the
improved analytical performance of recent
generations of CGM systems, SMBG is no longer

the only reliable option for glucose monitoring.
Nowadays, CGM systems are used by many
people with T1DM and also by a number of
those with T2DM, at least in some parts of the
world [11]. However, while the use of CGM
systems has been shown to (further) improve
therapy for people with T1DM [12, 13], mixed
results have been reported on the use of CGM
systems by people with T2DM [14, 15]. It should

Fig. 1 a Example of a structured glucose testing profile (7-
point profile) using a system for self-monitoring of blood
glucose (SMBG). SMBG results were entered manually
into the ACCU-CHEK� 360� View Paper tool (Roche
Diabetes Care GmbH, Mannheim, Germany), showing
postprandial hyperglycemia. The forms for mmol/L and
mg/dL can be downloaded from the Electronic

Supplementary Material of this article. b Example of a
glucose pattern analysis using an SMBG system. The
figure shows the same glucose testing profile as in a, but
data of the SMBG system were transferred to the
RocheDiabetes Care Platform and visualized. RocheDia-
betes, ACCU-CHEK and ACCU-CHEK 360� are trade-
marks of Roche

Diabetes Ther (2022) 13:829–846 833
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be kept in mind that SMBG systems tend to be
more accurate than CGM systems [16] and that
there can be differences between the glucose
concentration in interstitial fluid and BG con-
centrations due to physiological processes [17].
In addition, cost-effectiveness in people with
T2DM is still open to discussion [15], and in
many countries the costs of SMBG systems are a
reason of concern or even prohibitive.

In this article, we briefly described SMBG
systems and their state of the art, as well as
diabetes management strategies incorporating
SMBG devices. We also present the reports of
diabetologists from China, India, and Brazil
who share their local experience with the
treatment of people with T2DM and develop-
ments over the last few years.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

SMBG SYSTEMS

State of the Art

Since the first SMBG systems were introduced
for at-home use of PwD a few decades ago [18],
the technology of these systems has markedly
advanced. Current SMBG systems are small and
easy to use, require very small (capillary) blood
samples, and provide the readings within sec-
onds. In addition, their usability and, more
importantly, their glucose measurement accu-
racy have greatly improved. Good SMBG sys-
tems nowadays provide a glucose measurement

quality that is close to that of systems used by
HCPs, such as laboratory analyzers. Such a high
measurement accuracy as well as ease of use
helps to avoid incorrect treatment decisions,
such as insulin dosing errors [19, 20]. Estab-
lishing standards and guidance documents for
the assessment of measurement accuracy of
SMBG and assessments of user performance
evaluations for SMBG systems have supported
this development considerably [21, 22]. Many
SMBG systems that are on the market today
meet the accuracy requirements specified in
such standards; however, it has been shown
repeatedly that numerous systems do not do so
when evaluated by independent research sites
[23]. In such a study, performed by Klonoff et al.
[24], only 33% of the evaluated systems met the
accuracy requirements of the International
Organization for Standardization (ISO)
15197:2013 standard, whereas in a study by
Pleus et al. [25], 77% of the evaluated systems
met this standard. It is therefore advisable to
consider such evaluations, and not only asso-
ciated direct costs, before selecting a particular
SMBG system for PwD; however, it is also
important to verify that the evaluations follow
the standards mentioned above or a similar
procedure [21, 22, 26].

It is important to acknowledge that in daily
practice the measurement accuracy of SMBG
systems may be affected by interfering exoge-
nous compounds, such as acetaminophen,
ascorbic acid, or L-DOPA, or by endogenous
factors (e.g., increased uric acid or triglyceride
levels or low or high hematocrit [HCT]). Ambi-
ent factors, such as oxygen pressure (depending
on the height of the measurement location) or
temperature, can also influence the accuracy of
SMBG readings [27]. Relevant information on
correct use of the device must be provided in
the instructions. Quite often the relevance of
factors such as HCT is not considered by the
treating physician and, subsequently, by the
PwD [28]. Low HCT due, for example, to iron
deficiency or chronic diseases, as well as high
HCT can markedly affect the measurement
accuracy of SMBG systems [29, 30]. Many SMBG
systems permit only a rather narrow specified
HCT range of 30–55% [24], while HCT values
are also quite prevalent outside of this range

bFig. 2 a Difference plot showing methods comparisons
for two systems for SMBG with higher (green squares) and
lower (red triangles) levels of accuracy. The orange lines
reflect the accuracy requirements of the current ISO
15197:2015 standard [21], i.e., 95% of measurements need
to fall within up to ± 0.8 mmol/L (± 15 mg/dL) or ±
15% from the comparison method (for val-
ues\ 5.6 mmol/L [\ 100 mg/dL] or C 5.6 mmol/L
[C 100 mg/dL]). b Scatter plot of SMBG systems with
higher (green squares) and lower (red triangles) levels of
accuracy

Diabetes Ther (2022) 13:829–846 835



[30]; some SMBG systems may even miss their
hematocrit claims [29].

Accuracy Evaluations

The accuracy of glucose measurements by dif-
ferent SMBG systems can be visualized graphi-
cally, such as, for example, in plots that display
the difference between the measurement results
obtained with a given SMBG system and those
obtained with a laboratory system (difference
plot) (Fig. 2a) or a direct comparison (scatter
plot) (Fig. 2b). Such graphs allow a quick
assessment of the analytical performance of
different SMBG systems. In addition, these
SMBG systems can be assessed in terms of
whether and to what extent they actually meet
the accuracy requirements set down, for exam-
ple, in the ISO 15197 standard, in different
glucose ranges [22]. Measurement values
obtained with accurate SMBG systems are closer
to the line indicating zero difference (Fig. 2a) or
closer to the line of identity (Fig. 2b), respec-
tively. However, difference plots have certain
advantages in comparison to scatter plots [31];
for example, scatter plots show only a correla-
tion between two variables, not their differ-
ences. The values obtained with different SMBG
systems can be close to the line of identity and
have a high correlation coefficient (r = * 1),
but still have a relevant systematic difference
(bias) that is not recognizable with this graphi-
cal presentation (Fig. 2b). In contrast, the per-
formance of SMBG systems, especially at low
glucose concentrations, can be better assessed
with a difference plot (Fig. 2a). Additionally, a
bias between the mean differences of SMBG
systems can be evaluated and an agreement
interval, i.e. a specific difference interval to the
comparison method results in which 95% of
measurements fall, can be calculated.

DIABETES MANAGEMENT
AND THE ROLE OF SMBG

Optimization of diabetes management requires
people with T2DM to understand the relation-
ship between lifestyle, food intake, therapeutic

interventions, and current BG values [3], all
factors that are typically included in diabetes
self-management education. PwD experience a
clear benefit by putting BG values into such a
context and by adjusting their treatment to
their glucose patterns. In order to gain valuable
information for therapy optimization, PwD do
not only have to be educated adequately and
their skills re-evaluated on a regular basis, but
SMBG measurements and the associated dia-
betes management have to be carried out fre-
quently, consistently, and in a structured
manner [32]. To simplify the cumbersome
requirements of diabetes management, modern
SMBG systems usually offer several options for
data download and analysis.

Many of the current SMBG systems can be
connected (wired and/or wirelessly; e.g., via
Bluetooth) to the Cloud, a computer, or a
smartphone, as well as other diabetes manage-
ment devices or tools (e.g., apps). This connec-
tivity allows data exchange, so that the BG data
stored in a given SMBG system can be down-
loaded and/or exchanged between different
devices. Subsequently, the data can be analyzed
with specialized software tools or digital mobile
health apps. The results of this analysis can be
used for diabetes management decisions. Spe-
cialized software or apps can, for example,
remind users of scheduled BG measurements or
medication intake, keep a digital diary, mark
high or low BG values, support the calculation
of bolus insulin doses, or link BG values to the
insulin doses delivered (Table 2). Reminders for
scheduled BG measurements or medication
intake can facilitate treatment adherence,
which increases the benefit of SMBG in people
with T2DM and subsequently counteracts
existing clinical inertia [4, 5, 33, 34]. An easy-to-
use digital diary can support people with T2DM
in discussions on their diabetes therapy with
their HCPs. For example, certain clinical events
that do not coincide with daily lifestyle or diet,
or even illness, can be recorded this way, thus
enabling a comprehensive retrospective assess-
ment. For those people with T2DM who use
insulin, having the SMBG system connected to
smart insulin pens allows a more complete
picture of their therapeutic decisions in relation
to the BG values measured with SMBG systems.

836 Diabetes Ther (2022) 13:829–846



In addition, bolus calculators integrated into
medical products or software/apps can reduce

wrong bolus calculations by the user and sub-
sequently the risk of hypoglycemic events [35].

The obtained BG data can also be graphically
analyzed and presented in reports, in the form
of a pattern analysis (Fig. 1b). In the example
shown in Fig. 1b, individual SMBG results are
plotted along the X-axis on the basis of their
timestamp during a 24-h (1-day) period, and
consecutive SMBG results are connected by
straight lines. Although this analysis only cap-
tures patterns obtained from SMBG measure-
ments, and thus the patterns are highly
dependent on the frequency and timing of the
measurements, it allows clinicians and patients
to make better informed therapeutic adjust-
ments [36]. In addition, such reports may show
other parameters and metrics, such as mean
glucose concentration and the standard devia-
tion (SD), and they support the identification of
glucose patterns. Not only are users supported
in terms of optimizing their own therapy deci-
sions, these reports also assist HCPs in assessing
the success or failure of the diabetes therapy,
including factors such as adherence and subse-
quent possible therapy adjustments. An exam-
ple of the latter is a change in medication, such
as dosage change of anti-diabetic drugs,
including insulin, or a complete change in
therapy, such as a switch from a pure lifestyle
intervention to a pharmacological intervention.
SMBG thus supports a closer collaboration
between PwD and HCPs and should not be seen
as a standalone intervention, but rather as part
of a structured feedback loop; for example, an
integrated personalized diabetes management
shows a considerable improvement in the clin-
ical outcome of insulin-dependent people with
T2DM [37]. Last but not least, the opportunity
to upload BG data to the Cloud does not only
support data sharing and interaction with
HCPs; a more in-depth analysis of these data
with approaches using advanced algorithms
and artificial intelligence will create additional
insights of medical value [38].

LOCAL ASPECTS/EXPERIENCE

Diabetes mellitus is a chronic disease affecting
people around the world. However, new

Table 2 Features of current diabetes management tools
(systems for self-monitoring of blood glucose, smart insulin
pens, and software/apps)

Feature Description

Connectivity Wired and/or wireless transfer of data

(e.g., to other diabetes management

tools or diabetes management apps)

Can grant access to telemedicine/HCP

decision support, and parental

supervision

Can create additional insights and

provide medical value through

consented and secure sharing of data,

such as via the Cloud, advanced

algorithms, and artificial intelligence

Provides an overview of, for example, the

time of insulin delivery and the

amount of delivered insulin and active

insulin through the memory function

of a connected smart insulin pen

Digital diary Quick input of specific incidents or

supporting information (e.g., physical

activity like sports or gardening or

special events like birthday or holiday)

Graphical presentation and analysis of

data

Display of various parameters and

metrics

Pattern recognition

Insulin dose

calculator

Calculation and indication of the actual

required bolus insulin (after

consideration of the carbohydrate-

insulin-ratio, activity and the active

insulin)

Alerts/

reminders

Alerts on low/high BG values, as well as

missing BG measurements, insulin

delivery, or medication intake

HCP Healthcare professional

Diabetes Ther (2022) 13:829–846 837



technologies and medications for diabetes
therapy are often initially introduced in high-
income countries, and PwD in other parts of the
world often have to overcome hurdles regarding
access to such diagnostic and therapeutic
options. This subject is discussed in the follow-
ing sections.

China

In 2021, the International Diabetes Federation
(IDF) reported that 140 million adults in China
were living with diabetes, accounting for over
one-fourth of the entire world’s population of
PwD [1]. Among all countries for which data are
available, China has the highest number of
adults with diabetes, and it is anticipated that it
will remain in this position until at least 2045
[1]. Applying the diagnostic criteria for diabetes
suggested by the American Diabetes Association
(ADA), the data from two national representa-
tive epidemiological surveys in China showed
that the prevalence of diabetes regardless of
type went up from 10.9% in 2013 to 13.2% in
2020 [39, 40].

A guideline for SMBG was issued by the
Chinese Diabetes Society in 2011 and updated
4 years later with the aim to enhance awareness
and the standard of practice. SMBG is recog-
nized as an essential component of disease
management by helping PwD to better under-
stand their disease, controlling the disease sta-
tus, and supporting HCPs in their treatment
adjustments. Specific monitoring regimen and
frequency of SMBG are recommended for sub-
groups of people with T2DM, including people
on insulin and non-insulin glucose-lowering
medications [41], applying the principle of
structured SMBG monitoring.

It is recommended that the accuracy and
precision of SMBG systems be in line with the
latest version of the ISO 15197 standard. The
National Medical Product Administration
agency (China) is working towards adapting the
national standard to reflect the same acceptance
criteria for accuracy and precision; for exam-
ple, C 95% of the SMBG system’s results shall
fall within ± 0.8 mmol/L (± 15 mg/dL) of the
reference measurement results at glucose

concentrations\5.6 mmol/L (\ 100 mg/dL),
and within ± 15% at glucose concentra-
tions C 5.6 mmol/L (C 100 mg/dL), with
SD\0.4 mmol/L (\ 7.7 mg/dL) at glucose con-
centrations\5.6 mmol/L (\ 100 mg/dL) and
coefficient of variance (CV)\7.5% at glucose
concentrations C 5.6 mmol/L (C 100 mg/dL).
In 2020, a draft version of the document was
published with the aim to solicit public feed-
back. The new national standard is anticipated
to be in effect in the near future and will match
the accuracy requirements of the international
ISO standard.

Adherence to SMBG in people with T2DM is
poor in China, even in those who are on insulin
therapy. A nationwide survey of diabetes edu-
cation, self-management, and glycemic control
in people with T2D using the Summary of Dia-
betes Self-Care Activities scale showed that the
lowest score was for BG testing and the highest
scores was for medication, followed by diet [42].
Different cross-sectional studies revealed that
only a minority of the participants (\ 25%) in
these studies performed SMBG more than once
per day or at least once a week, and that most
([70%) did not adhere to the recommenda-
tions of the Chinese Diabetes Society or their
physician’s instructions regarding frequency
and timing of SMBG [43–45]. The reasons for
non-compliance to physicians’ recommenda-
tions regarding SMBG include [45]: costs of test
strips (37.9%); complexity (28.3%); lack of time
(24.4%); considered to be unnecessary (15.9%);
lack of understanding on how to adjust the
insulin dose based on SMBG readings (6.6%).

Thus, the low implementation of structured
SMBG is not only due to socio-economic fac-
tors, but also due to the lack of knowledge of
PwD. For example, a study involving people
with T2DM in China showed that their self-ef-
ficacy could be improved by increasing their
self-management knowledge through training
and education [46]. In addition, such an edu-
cational approach, in combination with the
advanced features of SMBG systems, which have
been mentioned in previous sections, may pro-
vide a platform for HCP—patient interactions,
enabling remote consultation and helping PwD
to achieve their glycemic targets in a faster and
sustainable way [47].
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India

India is home to the second largest number of
PwD in the world. According to the tenth edi-
tion of the Diabetes Atlas by the IDF, there were
an estimated 74 million PwD in India in 2021,
and these numbers are set to increase to 92
million by 2030 and 124 million by 2045 [1].
The majority of PwD in India ([95%) have
T2DM; the remaining PwD have various forms
of diabetes, including T1DM, gestational dia-
betes mellitus, fibrocalculous pancreatic dia-
betes, among other forms [48].

SMBG is recommended by various guidelines
in India, including that of the Indian Council of
Medical Research [49]. The respective guidelines
on T2DM recommend that SMBG is indicated
for the following patients/situations: all PwD, to
achieve better control of diabetes; all PwD on
insulin; those with brittle diabetes; those prone
to ketosis/recurrent hypoglycemia; hypo-
glycemia unawareness; whenever tight control
is indicated (e.g., pregnancy, acute illness,
complications).

Further, the guidelines state that the fre-
quency of SMBG should be individualized; for
example, SMBG should occur at higher fre-
quency during pregnancy of in other situations
where tight glycemic control is indicated. While
no specifications are given in the guidelines
about the accuracy of SMBG systems, it is
implied that the standard international guide-
lines regarding the accuracy of SMBG systems
are followed.

According to a 2008 study carried out by the
SMBG International Working Group only 0.2%
of PwD in India performed SMBG [50], although
this number has markedly increased to 20.8% of
PwD in urban India and 14.5% of those in rural
India according to more recent data (unpub-
lished) reported in the India Diabetes Study
carried out by the Indian Council of Medical
Research. However, the frequency of SMBG
remains low and grossly inadequate in India
and lags behind that of other countries [51].
There are a number of possible explanations for
this low use of SMBG in India. Until a couple of
decades ago, the cost of SMBG systems was
extremely high in India and amounted to about
1 month’s salary of the average Indian. Around

2004, with the introduction of low-cost SMBG
systems, there was a surge in the purchase of
SMBG systems in India; however, the cost of the
test strips still remains high [52]. A lack of
reimbursement for SMBG systems and test strips
has also been a major deterrent to frequent
SMBG testing in India [50, 51]. It is worth not-
ing that 80% of PwD in India pay ‘out of pocket’
for their medications and devices [53]. Thus, the
costs associated with SMBG systems (both direct
and indirect) may explain partially their low use
in India. Another possible explanation is that
HCPs do not have the time to go through the
laborious sheets of paper produced by PwD
when they present their SMBG readings to
them. If the HCP does not show sufficient
interest in the SMBG records, the individual
gets disheartened and often stops performing
SMBG altogether [54]. Another reason why
SMBG has not taken off in India is that the PwD
are not empowered to use the data to make
adjustments to their diet, physical activity, and
medication, either insulin or oral drugs, based
on the SMBG readings obtained [51]. Additional
reasons for the low use of SMBG may be the
pain of obtaining a drop of capillary blood for
SMBG, although lancets are getting better all
the time and this should no longer be a deter-
rent, and a lack of medical insurance for out-
patient or domiciliary diabetes care.

The chronic nature of diabetes mellitus
means that lifelong BG testing is needed. Ini-
tially, each PwD is enthusiastic about checking
BG levels. However, motivation generally drops
over time and, with the exception of a few
motivated people, PwD tend to give up and stop
testing. It should be noted that social media
propagate fake news consisting of all kinds of
myths and untruths about diabetes [55],
thereby contribution to PwD not using SMBG
devices. For example, messages are frequently
sent to the mobile phones of people stating that
high BG levels are a normal, physiological
reaction and treatment is not needed. Some
messages even state that there is no such thing
as diabetes and that this disorder is a creation of
physicians and the pharmaceutical industry to
make money. There is also a large lobby against
scientific and modern allopathic systems. Prac-
titioners of other ’alternative’ health systems
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(e.g., Ayurveda, Siddha, Unani, and Homeopa-
thy) claim that they can ‘cure’ or reverse dia-
betes whereas allopathy only masks the
‘symptoms’ of diabetes [51]. Many people are
lured to these practitioners by these false pro-
mises and claims, with the result often being
deterioration of their diabetes control.

The solution to these problems is to increase
awareness of the need for performing SMBG.
Even more importantly, people should be
empowered about what action should be taken
with their SMBG readings. This would help
propagate SMBG in developing countries like
India.

Brazil

The prevalence of diabetes in Brazil varies
greatly according to the region of the country,
ranging from 5.2% to 13.5% [56]. Data from
2018 showed a mean diabetes prevalence of
7.1% in males and 8.1% in females [57]. It is
important to note, as also shown in other parts
of the world, that around 50% of PwD did not
previously know they have the disease prior to
getting the results from an oral glucose toler-
ance test [58].

An estimated 15.7 million people were living
with diabetes in Brazil in 2021 [1]. In terms of
number of PwD, this estimate positions the
country in the sixth place globally and in first
place in Latin America, with the vast majority of
people living with T2DM. This number is
expected to grow in the next 20–30 years. The
economic impact of direct and indirect costs of
diabetes for a developing country is huge, as
studies have shown that the total cost of dia-
betes is around 15 billion Int$/year [59].

Brazil is a continental size country whose
population is characterized by great disparities
and inequities; consequently, it is expected that
major differences exist regarding diabetes con-
trol. Indeed, a study involving 5750 PwD with
data in the public healthcare system showed a
mean duration of T2DM of 11.8 years, with only
26% of PwD having a HbA1c \ 7%
(53 mmol/mol) [60]. In contrast, 40% of PwD
from private clinics in São Paulo had HbA1c \

7% (53 mmol/mol) according to real-world data
from 1034 PwD [60].

The Brazilian Diabetes Society recommends
SMBG in cases of T1DM, gestational diabetes
mellitus, and insulin-treated T2DM. It also rec-
ommends SMBG in people with T2DM not on
insulin when therapy is modified or in the
presence of unstable glycemic control and risk
of metabolic decompensation. Sporadic moni-
toring after meals is also recommended for PwD
using medications with prandial action. The
Society emphasizes that the indication must be
individualized [61].

In Brazil, the National Health System (Sis-
tema Único de Saúde) is responsible for the
distribution of medications, meters, test strips,
and lancets. Regarding monitoring, a federal
law from 2006 sets out that all PwD are entitled
to receive these materials free of charge as long
as they are taking insulin as part of their treat-
ment, together with enrollment in educational
programs [62]. The reason to only distribute
SMBG to insulin users was that, according to the
regulators, there is no proven cost–benefit rela-
tion of SMBG to people with T2DM not using
insulin. Regarding the accuracy of meters in
Brazil, a federal resolution from 2018 requires
that SMBG systems have a maximum of ± 15%
variation in [ 95% of the glucose tests for
approval [63].

In addition to the distribution of materials to
people with T2DM not using insulin being
restricted, the use of SMBG is limited by the
paucity of specialized HCPs to educate and train
these people in ways that would ensure that
SMBG would improve control. PwD also
showed some resistance to performing painful
procedures. It should be noted that a national
multicenter study showed that acceptance of
SMBG varied depending both on the device
used (considering time for getting results,
amount of blood needed, technology used) and
peoples’ characteristics (age, glycemic control)
[64]. Another issue to consider is the number of
capillary BG measurements needed to improve
glycemic control. A regional study showed that
the use of a restricted structured scheme of
SMBG (fasting, 3 times a week) did not improve
control in people with T2DM not treated with
insulin, suggesting that a more intensive anti-
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diabetic approach would be necessary to obtain
better results [65].

Some of these challenges could be solved
through the establishment of programs on dia-
betes education. The importance of education
was shown to be relevant in a Brazilian study in
which training for self-titrating insulin doses
was combined with structured SMBG.
Improvement of glycemic control was found in
poorly controlled people with T2DM on insulin
therapy [66]. This strategy may facilitate effec-
tive insulin therapy in routine medical practice,
compensating for any reluctance on the part of
physicians to optimize insulin therapy and thus
to improve the achievement of recommended
targets of diabetes care.

Taking into account the aim to improve
glycemic control of PwD in Brazil, in addition to
prevention programs and new pharmacological
approaches, better definitions of the impor-
tance of SMBG are needed. As one of the main
components of diabetes care, national policies
on SMBG should be more valued, with national
studies evaluating characteristics of PwD,
number of measurements, and structured glu-
cose test profiles. As everywhere else in the
world, people in Brazil should have the oppor-
tunity to be trained on how to use SMBG devi-
ces and interpret the glucose values, and to
undertake the appropriate action based on these
values, as well as having their provision of
supplies assured. In the near future, technology
and digital health approaches may offer new
ways to turn monitoring diabetes into some-
thing more inexpensive and easier to use,
enabling PwD worldwide to achieve better
metabolic control.

Summary of Local Experience

Performance of SMBG is and remains a corner-
stone in the therapy of many people with dia-
betes. As suggested by the reports on local
experience from China, India, and Brazil, access
to adequate SMBG can be limited by issues such
as the high cost of SMBG systems, insufficient
self-management education and empowerment,
and, at least in some cases, cultural beliefs.

Issues such as these must be overcome on the
way to optimal diabetes therapy.

CONCLUSION

SMBG was established as a cornerstone of the
therapy for PwD a few decades ago. Its benefit
for PwD who are on insulin therapy, including
people with T2DM on insulin therapy, is
undisputed. In people with T2DM not using
insulin, effectiveness is linked to the active use
of BG values for therapeutic decisions or ther-
apy adjustments. SMBG systems have markedly
evolved over time. Not only have they become
more accurate, modern SMBG systems offer
several options for data connectivity and inter-
operability with diabetes management tools
and devices, and thus simplify diabetes therapy
notably. However, reports of local experiences
from three of the ten countries with the highest
number of PwD in the world show that not all
PwD have access to SMBG or other diagnostic
and therapeutic options. Major influences seem
to be the high cost of SMBG systems as well as
insufficient self-management education and
empowerment. Removing these hurdles will not
only lead to improved therapy for PwD and
their resulting outcomes, but also to a higher
quality of life.

Digital platforms that enable data analysis
and secure data sharing, and foster education
and motivation of PwD, help to streamline the
workflow of HCPs and provide information to
the payers in healthcare systems. Smart phones
are already the most prevalently used commu-
nication tool worldwide, and wirelessly con-
nected SMBG systems can also empower PwD to
make use of their personal SMBG results. Such
developments will play a major role in achiev-
ing better glycemic control in PwD in highly
and less developed regions of the world.
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